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Description 

MULTIPLE TARGET ANODE ASSEMBLY 
AND SYSTEM OF OPERATION 

Background of Invention 

[0001] The present invention relates generally to diagnostic 

imaging and, more particularly, to an x-ray tube assembly 
having multiple x-ray sources. The present invention fur- 
ther relates to an anode assembly having multiple electron 
targets such that multiple x-ray fan beams may be pro- 
duced. 

[0002] x-ray or radiographic imaging is the basis of a number of 
diagnostic imaging systems. Computed tomography (CT) 
is one example of such a system that is predicated upon 
the acquisition of data using the principles of radiogra- 
phy. Typically, in CT imaging systems, a single x-ray 
source emits a single fan-shaped beam toward a subject 
or object, such as a patient or a piece of luggage. Here- 
inafter, the terms "subject" and "object" shall include any- 
thing capable of being imaged. The beam, after being at- 



tenuated by the subject, impinges upon an array of radia- 
tion detectors. The intensity of the attenuated beam radi- 
ation received at the detector array is typically dependent 
upon the attenuation of the x-ray beam by the subject. 
Each detector element of the detector array produces a 
separate electrical signal indicative of the attenuated 
beam received by each detector element. The electrical 
signals are transmitted to a data processing system for 
analysis which ultimately produces an image. 
[0003] Generally, the x-ray source and the detector array are ro- 
tated about the gantry within an imaging plane and 
around the subject. X-ray sources typically include x-ray 
tubes, which emit the x-ray beam at a focal point. X-ray 
detectors typically include a collimator for collimating x- 
ray beams received at the detector, a scintillator for con- 
verting x-rays to light energy adjacent the collimator, and 
photodiodes for receiving the light energy from the adja- 
cent scintillator and producing electrical signals there- 
from. 

[0004] Typically, each scintillator of a scintillator array converts 
x-rays to light energy. Each scintillator discharges light 
energy to a photodiode adjacent thereto. Each photodiode 
detects the light energy and generates a corresponding 



electrical signal. The outputs of the photodiodes are then 
transmitted to the data processing system for image re- 
construction. 

[0005] qj systems, as well as x-ray systems, typically utilize a 

rotating anode during the data acquisition process. Rotat- 
ing the anode helps fan the x-ray fan beam, but, more 
importantly, reduces the thermal load on the anode. That 
is, the anode typically includes a single target electrode 
that is mounted or integrated with an anode disc. The an- 
ode disc is rotated by an induction motor during data ac- 
quisition. Since the electrons striking the anode deposit 
most of their energy as heat, with a small fraction emitted 
as x-rays, producing x-rays in quantities sufficient for ac- 
ceptable image quality generates a large amount of heat. 
A number of techniques have been developed to accom- 
modate the thermal load placed on the anode during the 
x-ray generate process. 

[0006] For example, advancements in the detection of x-ray at- 
tenuation has allowed for a reduction in x-ray dose nec- 
essary for image acquisition. X-ray dose and tube current 
are directly related and, as such, a reduction in tube cur- 
rent results in a reduction in x-ray dosage. A drop in tube 
current, i.e. reduction in the number of striking electrons 



on the anode target, reduces the thermal load placed on 
the anode target during data acquisition. Simply, less 
power is needed to generate the x-rays necessary for data 
acquisition. X-rays are generated as a result of electrons 
emitted from a cathode striking a target electrode 
mounted to or integrated with the anode disc. The num- 
ber of electrons emitted depends in part of the voltage 
potential placed across the cathode and anode. Increasing 
the voltage potential increases the number of emitted 
electrons. Since a minimum number of electrons must be 
generated for meaningful data acquisition, a mere reduc- 
tion in tube current is insufficient to address the thermal 
load on the anode resulting from x-ray generation. 
[0007] Another approach is predicated upon the spreading of the 
generated heat across the surface and mass of the anode 
disc. By rotating the anode disc as electrons are striking 
the target electrode, the heat generated therefrom may be 
spread across the anode disc rather than across the target 
electrode alone. This rotation of the anode disc effectively 
reduces the thermal load placed on the target electrode. 
As a result, tube current may be increased without ther- 
mal overloading of the anode. Generally, the faster the 
anode disc is rotated the higher the tube current that may 



be used. 

[0008] increasing the tube current and effectively the power lev- 
els of the x-ray tube assembly is particularly desirable for 
short duration high power reconstruction protocols. With 
these protocols, the gantry is caused to rotate at signifi- 
cantly fast rotational speeds. Through increased rotational 
gantry speed, the overall exam time may be decreased. 
Decreasing the overall exam or scan time improves pa- 
tient throughput and reduces patient discomfort which re- 
duces patient-induced motion artifacts in the recon- 
structed image. To support faster gantry speeds, the x- 
ray tube must output sufficiently more instantaneous 
power which is required for short duration protocols. 

[0009] jo provide the requisite instantaneous power needed for 
short duration protocols, the x-ray tube must output 
more power without exceeding the thermal load of the 
target electrode. As mentioned above, rotating the anode 
disc during x-ray generation reduces the thermal load on 
the electrode target. Known CT systems utilize a rotating 
anode disc and due to material strength limitations, it is 
not feasible to simply increase the rotational speed of the 
anode disc or its size. Another means to increase the 
power output of the x-ray tube is to simply increase its 



size. Increasing the tube size and mass however is also 
not a feasible solution. The gantry must support rotation 
of the x-ray tube and any increase in x-ray tube size and 
weight increases the support burden placed on the gantry. 
As a result, the size of the gantry would have to be in- 
creased yielding a much larger CT scanner. 
[0010] it would therefore be design a method and system for in- 
creasing the power output of an x-ray tube assembly 

without increasing its size or mass. 
Brief Description of Invention 

[0011] The present invention is a directed method and system of 
x-ray generation for radiographic and CT data acquisition 
and image reconstruction that overcomes the aforemen- 
tioned drawbacks. An x-ray tube assembly is disclosed 
and includes an anode disc having multiple target elec- 
trodes. Each target electrode receives electrons emitted by 
multiple cathodes and, as such, each target electrode op- 
erates as an x-ray source. The multiple cathodes are con- 
trolled such that a particular cathode does not fire until 
each other cathode is sequentially fired. In this regard, the 
duty cycle of each target electrode is based on the num- 
ber of target electrodes incorporated with the anode disc. 

[0012] Therefore, in accordance with one aspect, the present in- 



vention includes an anode assembly having an anode disc 
and a first x-ray source connected to the anode disc and 
configured to emit a first fan beam of x-rays. The anode 
assembly further includes a second x-ray source con- 
nected to the anode disc and configured to emit a second 
fan beam of x-rays. The first x-ray source has a distance 
from a center of the anode disc different than that of the 
second x-ray source. 

[0013] | n accordance with another aspect of the present inven- 
tion, an x-ray tube assembly includes a plurality of inde- 
pendently controllable electron sources configured to emit 
electrons. A plurality of target electrodes are provided and 
configured to receive electrons emitted by the plurality of 
electron sources and emit a plurality of fan beams of ra- 
diographic energy in response thereto. 

[0014] According to another aspect, the present invention in- 
cludes a CT system having a rotatable gantry comprising a 
bore centrally disposed therein and a table movable fore 
and aft through the bore and configured to position a 
subject for CT data acquisition. A detector array is dis- 
posed within the rotatable gantry and configured to detect 
high frequency electromagnetic energy attenuated by the 
subject. Multiple high frequency electromagnetic energy 



projection sources are positioned within the rotatable 
gantry and configured to project multiple high frequency 
electromagnetic energy fan beams toward the subject. 
Each projection source is configured to operate at a pro- 
portional duty cycle per scan. 
[0015] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0016] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0017] | n the drawings: 

[0018] pig. 1 is a pictorial view of a CT imaging system. 

[0019] pig. 2 is a block schematic diagram of the system illus- 
trated in Fig. 1. 

[0020] Fig. 3 is a perspective view of one embodiment of a CT 
system detector array. 

[0021] Fig. 4 is a perspective view of one embodiment of a de- 
tector. 

[0022] Fig. 5 is illustrative of various configurations of the detec- 
tor in Fig. 4 in a four-slice mode. 
[0023] Fig. 6 is a side elevational view of a anode assembly in ac- 



cordance with the present invention. 
[0024] pig. 7 is an end view of the anode disc illustrated in Fig. 6. 

[0025] pig. 8 is a schematic diagram of an x-ray tube assembly in 

accordance with the present invention. 

[0026] Fig. 9 is a pictorial view of a CT system for use with a 

non-invasive package inspection system. 
Detailed Description 

[0027] The operating environment of the present invention is de- 
scribed with respect to a four-slice computed tomography 
(CT) system. However, it will be appreciated by those 
skilled in the art that the present invention is equally ap- 
plicable for use with single-slice or other multi-slice con- 
figurations. Moreover, the present invention will be de- 
scribed with respect to the detection and conversion of x- 
rays. However, one skilled in the art will further appreciate 
that the present invention is equally applicable for the de- 
tection and conversion of other high frequency electro- 
magnetic energy. The present invention will be described 
with respect to a "third generation" CT scanner, but is 
equally applicable with other CT systems. The present in- 
vention may also be applicable to x-ray or other radio- 
graphic imaging systems. 



[0028] Referring to Figs. 1 and 2, a computed tomography (CT) 
imaging system 10 is shown as including a gantry 12 rep- 
resentative of a "third generation" CT scanner. Gantry 12 
has an x-ray source 14 that projects a beam of x-rays 16 
toward a detector array 18 on the opposite side of the 
gantry 12. Detector array 18 is formed by a plurality of 
detectors 20 which together sense the projected x-rays 
that pass through a medical patient 22. Each detector 20 
produces an electrical signal that represents the intensity 
of an impinging x-ray beam and hence the attenuated 
beam as it passes through the patient 22. During a scan 
to acquire x-ray projection data, gantry 12 and the com- 
ponents mounted thereon rotate about a center of rota- 
tion 24. 

[0029] Rotation of gantry 12 and the operation of x-ray source 
14 are governed by a control mechanism 26 of CT system 
10. Control mechanism 26 includes an x-ray controller 28 
that provides power and timing signals to an x-ray source 
14 and a gantry motor controller 30 that controls the ro- 
tational speed and position of gantry 12. A data acquisi- 
tion system (DAS) 32 in control mechanism 26 samples 
analog data from detectors 20 and converts the data to 
digital signals for subsequent processing. An image re- 



constructor 34 receives sampled and digitized x-ray data 
from DAS 32 and performs high speed reconstruction. The 
reconstructed image is applied as an input to a computer 
36 which stores the image in a mass storage device 38. 

[0030] Computer 36 also receives commands and scanning pa- 
rameters from an operator via console 40 that has a key- 
board. An associated cathode ray tube display 42 allows 
the operator to observe the reconstructed image and 
other data from computer 36. The operator supplied com- 
mands and parameters are used by computer 36 to pro- 
vide control signals and information to DAS 32, x-ray 
controller 28 and gantry motor controller 30. In addition, 
computer 36 operates a table motor controller 44 which 
controls a motorized table 46 to position patient 22 and 
gantry 12. Particularly, table 46 moves portions of patient 
22 through a gantry opening 48. 

[0031] As shown in Figs. 3 and 4, detector array 18 includes a 

plurality of scintillators 57 forming a scintillator array 56. 
A collimator (not shown) is positioned above scintillator 
array 56 to collimate x-ray beams 16 before such beams 
impinge upon scintillator array 56. 

[0032] | n one embodiment, shown in Fig. 3, detector array 18 in- 
cludes 57 detectors 20, each detector 20 having an array 



size of 16 x 16. As a result, array 18 has 16 rows and 912 
columns (16 x 57 detectors) which allows 16 simultane- 
ous slices of data to be collected with each rotation of 
gantry 12. 

[0033] Switch arrays 80 and 82, Fig. 4, are multi-dimensional 
semiconductor arrays coupled between scintillator array 
56 and DAS 32. Switch arrays 80 and 82 include a plurality 
of field effect transistors (FET) (not shown) arranged as 
multi-dimensional array. The FET array includes a number 
of electrical leads connected to each of the respective 
photodiodes 60 and a number of output leads electrically 
connected to DAS 32 via a flexible electrical interface 84. 
Particularly, about one-half of photodiode outputs are 
electrically connected to switch 80 with the other one-half 
of photodiode outputs electrically connected to switch 82. 
Additionally, a reflector layer (not shown) may be inter- 
posed between each scintillator 57 to reduce light scatter- 
ing from adjacent scintillators. Each detector 20 is se- 
cured to a detector frame 77, Fig. 3, by mounting brack- 
ets 79. 

[0034] Switch arrays 80 and 82 further include a decoder (not 
shown) that enables, disables, or combines photodiode 
outputs in accordance with a desired number of slices and 



slice resolutions for each slice. Decoder, in one embodi- 
ment, is a decoder chip or a FET controller as known in 
the art. Decoder includes a plurality of output and control 
lines coupled to switch arrays 80 and 82 and DAS 32. In 
one embodiment defined as a 16 slice mode, decoder en- 
ables switch arrays 80 and 82 so that all rows of the pho- 
todiode array 52 are activated, resulting in 16 simultane- 
ous slices of data for processing by DAS 32. Of course, 
many other slice combinations are possible. For example, 
decoder may also select from other slice modes, including 
one, two, and four-slice modes. 
[0035] As shown in Fig. 5, by transmitting the appropriate de- 
coder instructions, switch arrays 80 and 82 can be config- 
ured in the four-slice mode so that the data is collected 
from four slices of one or more rows of photodiode array 
52. Depending upon the specific configuration of switch 
arrays 80 and 82, various combinations of photodiodes 60 
can be enabled, disabled, or combined so that the slice 
thickness may consist of one, two, three, or four rows of 
scintillator array elements 57. Additional examples in- 
clude, a single slice mode including one slice with slices 
ranging from 1.25 mm thick to 20 mm thick, and a two 
slice mode including two slices with slices ranging from 



1.25 mm thick to 10 mm thick. Additional modes beyond 
those described are contemplated. 
[0036] Referring now to Fig. 6, a portion of an x-ray tube assem- 
bly 86 is shown in side elevation. The x-ray tube assem- 
bly generally forms the x-ray projection source 14 of Figs. 
1 and 2. X-ray tube assembly 86 includes an anode as- 
sembly 88 and a cathode assembly 90. The anode assem- 
bly 88 includes a rotatable anode disc 92 supported by an 
anode stem 94 that is operationally connected to a rotor 
and bearing assembly 96. A stator assembly (not shown) 
together with rotor and bearing assembly 96 induces ro- 
tation of stem 94 that supports rotation of anode disc 92. 
Preferably, anode stem 94 is formed of poor heat con- 
ducting material so that heat generated during the gener- 
ation of x-rays is not passed to the rotor and bearing as- 
sembly 96. 

[0037] Anode disc 92 includes a bevel or tapered region 98 that 
extends from face 100. Mounted to or integrally formed 
within the bevel region 98 are multiple electrode target 
tracks 102 that extend circumferentially around the anode 
disc 92. The multiple electrode target tracks are prefer- 
ably formed of tungsten but other materials high in melt- 
ing point temperature and atomic number may also be 



used. Each electrode target track is designed to emit an 
x-ray fan beam in response to electrons striking thereon. 
Angle 6 corresponds to an anode target angle and defines 
the amount of taper from anode disc face 100. Angle 6 is 
selected based on the desired spatial coverage of the fan 
beam generated by each electrode target 102. For large 
field area coverage, the anode disc is constructed to have 
a larger anode target angle 8. In contrast, for smaller cov- 
erage, a more acute beveling is used. Additionally, a 
smaller anode angle provides a smaller effective focal spot 
for the same actual focal area. One skilled in the art will 
readily appreciate that a smaller effective focal spot size 
provides better spatial resolution. However, a smaller or 
more acute anode target angle limits the size of the us- 
able x-ray field due to cut-off of the x-ray fan beam. 
[0038] still referring to Fig. 6, cathode assembly 90 includes 

multiple electron sources 104 that emit electrons toward 
electrode targets 102 of the anode assembly 88 when a 
voltage potential is placed across the anode and cathode 
assemblies 88, 90. The number of electrons increases as 
the voltage placed across the assemblies increases. Since 
the amount of x-ray generation is a function of the num- 
ber of electrons emitted from the electron sources 104 



that strike target electrodes 102, an increase in current 
causes an increase in x-ray dose. As discussed above, in- 
creasing the tube current increases heat generation and, 
as such, anode disc 92 is rotated during data acquisition. 
[0039] Electron sources 104, whose number corresponds to the 
number of target electrode tracks 102, e.g. two in the il- 
lustrated example, are formed of helical filament of tung- 
sten wire 106 surrounded by a focusing cup (not shown) 
that are connected to a filament circuit, Fig. 8. The fila- 
ment circuit provides a voltage to the filaments thereby 
producing a current through the filament. Electrical resis- 
tance heats the filament and, through thermionic emis- 
sion, the filament releases electrons that are directed to- 
ward the target electrodes 102. As will be described, the 
electron sources are caused to sequentially "fire" and, as 
such, a particular electron source is not caused to emit 
electrons until every other electron source has fired. In 
this regard, the respective electrode targets operate at a 
proportional duty cycle. For instance, in the illustrated ex- 
ample of two electrode tracks 102a,b and two electron 
sources 104a, b, the electron sources alternately fire 
which causes each track 102a,b to operate at a 50 percent 
duty cycle per scan. Operating at this proportional duty 



cycle effectively reduces the thermal burden placed on 
each electrode target and supports an increase in overall 
total power output without an increase in anode size or 
increase in anode disc rotational speed. 
[0040] Each electrode target track 102a,b produces a respective 
x-ray fan beam 108a,b. The x-ray beams are generated 
when electrons from the electron sources 106a,b strike 
target electrodes 102a,b. As shown in Fig. 6, the anode 
target angle 6 and the orientation of target electrode 
tracks 102a,b with respect to one another are selected 
such that each fan beam has a similar spatial coverage. 
Additionally, the fan beams are generated such that the 
respective penumbra of each fan extends along the z- or 
patient long axis. Since the target electrodes 102 operate 
at a proportional duty cycle, fan beams 108 are generated 
based on the duty cycle of a respective target electrode. 
That is, while multiple fan beams are shown as occurring 
at a singular point in time, only one fan beam is prefer- 
ably generated at a particular moment in time. The depic- 
tion of multiple fan beams is to illustrate the similar spa- 
tial coverage of each fan beam. However, it is contem- 
plated that for some protocols more than one or all of the 
target electrodes may be caused to generate a fan beam 



simultaneously at a particular point in time. 
[0041] Referring now to Fig. 7, an end view of anode disc 92 il- 
lustrates the concentric orientation of each target elec- 
trode track 102a,b relative to one another. While this dis- 
tance is exaggerated in Fig. 7, it is preferred that the elec- 
trode tracks are spaced apart so that the distance between 
the respective focal sports is approximately one millimeter 
in the z- or patient long axis direction. Since the focal 
spots are approximately one millimeter apart in the z- 
direction, the image reconstruction algorithm may inhibit 
any image artifacts by effectively considering the respec- 
tive focal spots as a single focal spot. Additionally, the 
relative orientation of each target electrode 102a,b on the 
anode disc bevel 98 is such that the separation in the y- 
direction may also be taken into account during the image 
reconstruction process. In addition, the electrode target 
tracks may be spatially separated along the x- or patient 
width axis which supports implementation of the x-ray 
tube assembly in a "wobble" mode to improve spatial res- 
olution. It should be noted that for longer scan protocols, 
the conductivity of the anode disc would allow the tem- 
perature between the target electrode tracks to equalize. 
In this regard, the proportionality of the duty cycles for 



the respective target electrode tracks is lost for longer 
scan protocols. 

[0042] Referring now to Fig. 8, cathode assembly 90 is schemati- 
cally shown as including a cathode controller 110 that is 
operationally connected to each electron source or cath- 
ode 112a, 112b ...112n. Controller 110 is electrically con- 
nected between the cathodes 112 and filament current 
supply 114. As noted above, the electron sources are con- 
figured to sequentially fire before a particular source is 
re-fired. To this end, controller 110 is also connected to a 
timer 116 that monitors the firing times of each electron 
source and provides control feedback to the controller 
110 regarding the firing of the electron sources. One 
skilled in the art will readily appreciate that the firing of 
the electron sources may also be controlled based on 
other inputs such as the thermal load on each target elec- 
trode. That is, the temperature of each electrode target 
may be monitored and provided as feedback to the con- 
troller 110 to determine which electron source should be 
fired. Accordingly, the controller 110 may compare the 
feedback to a look-up table of values or determine in 
real-time if a particular target electrode is being thermally 
stressed. In this regard, a particular electron source may 



be fired repeatedly or out of order depending on the par- 
ticular thermal loads on the target electrodes or the 
specifics of the particular scan. In another embodiment, 
the controller may be programmed to fire the electron 
sources according to a particular pattern to carry out a 
particular imaging protocol. 
[0043] pig. 9 illustrates a package /bag gage inspection system 
118 that may incorporate the present invention. The in- 
spection system includes a rotatable gantry 120 having an 
opening 122 therein through which packages or pieces of 
baggage may pass. The rotatable gantry 120 houses a 
high frequency electromagnetic energy source 124 as well 
as a detector assembly 126. A conveyor system 128 is 
also provided and includes a conveyor belt 130 supported 
by structure 132 to automatically and continuously pass 
packages or baggage pieces 134 through opening 122 to 
be scanned. Objects 134 are fed through opening 122 by 
conveyor belt 130, imaging data is then acquired, and the 
conveyor belt 130 removes the packages 134 from open- 
ing 122 in a controlled and continuous manner. As a re- 
sult, postal inspectors, baggage handlers, and other secu- 
rity personnel may non-invasively inspect the contents of 
packages 134 for explosives, knives, guns, contraband, 



etc. 

[0044] Therefore, in accordance with one embodiment, the 

present invention includes an anode assembly having an 
anode disc and a first x-ray source connected to the an- 
ode disc and configured to emit a first fan beam of x- 
rays. The anode assembly further includes a second x-ray 
source connected to the anode disc and configured to 
emit a second fan beam of x-rays. The first x-ray source 
has a distance from a center of the anode disc different 
than that of the second x-ray source. 

[0045] | n accordance with another embodiment of the present in- 
vention, an x-ray tube assembly includes a plurality of in- 
dependently controllable electron sources configured to 
emit electrons. A plurality of target electrodes are pro- 
vided and configured to receive electrons emitted by the 
plurality of electron sources and emit a plurality of fan 
beams of radiographic energy in response thereto. 

[0046] According to another embodiment, the present invention 
includes a CT system having a rotatable gantry comprising 
a bore centrally disposed therein and a table movable fore 
and aft through the bore and configured to position a 
subject for CT data acquisition. A detector array is dis- 
posed within the rotatable gantry and configured to detect 



high frequency electromagnetic energy attenuated by the 
subject. Multiple high frequency electromagnetic energy 
projection sources are positioned within the rotatable 
gantry and configured to project multiple high frequency 
electromagnetic energy fan beams toward the subject. 
Each projection source is configured to operate at a pro- 
portional duty cycle per scan. 
[0047] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



